(19) m^^vi^^^mu 

(43) mfSiHt^ B 
2003 ^5 ^ 8 B (08.05.2003) 




PCX 



(10) mm' 
WO 03/038156 Al 



(51) BRSH^K^S': 

(21) Bt»tt)fl8#: 

(22) BBiUHB: 

(25) mmtamons: 

(26) mfB'Amonm 

(30) «5feaT-^: 

2001-319467 



2001 *10 ^ 17 a (17.10.2001) JP 

(71) alsxr^s$feis<^Ta>|g£Slc•^l^-c;: B:$im 

&B4i|( A^tt (NIPPON LIGHT METAL COMPANY, 



(71) 



C25C 3/28, C22B 34/12 
rcT/JP02/10588 
2002 ^10 ^ 1 1 B (1 1.10.2002) (72) 



(74) 



(81) 



LTD.,) [JP/JP]; =f 140-8628 fiJUK KfiJUnT 

B 2S2 0-^ Tokyo (JP). 

S69i%t /h9 0tt (ONO^Katsutoshi) [P/JP]; t 1S2- 
003S XSltR § AE § ±«<£3-16-8 Tol^o (JP). tt^ 
3Elf (SUZUIORyosukc) [JP/JP]; T606-0022 Ki^JI? ^ 
0ifi SSlBjilft =%BT247-8 Kyoto (P). 

nmX: JS£ 1$^ . 91-(NARUSE,Katsuo et aL); T 
10S-0003£SIBSIZBSr4S2TS 1 lS5#-t!> 
h 7 tf JU 5 Pg Tokyo (JP). 

liSS rH AE, AG, AL, AM, AT, AU. AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, R, GB, CD, GE, GH, GM. HR, HU, 



(54) Title: METHOD A ND APPARATUS FOR SMELTING TITANIUM METAL 

= (54) »9io^,m: ^R'flr >a3&&^ms.ifi<a^t»ii1&S. 



SO 
If) 
1-H 
00 



(CaCI»M:aO) 



C02 









(Ca.Ca*) 



(CaO) 



TOa 









1... REACTION REGION (CaCl2 + CaO) 

2...ELECTR0LYSIS ZONE 

3...REDUCT10N ZONE 

4... (RECOVERY OF SALT) 

5... (TITANIUM METAL SPONGE) 

6...WASHING WITH WATER • WASHING WITH DILUTE 

HYDROCHLORIC ACID 
7...C0MPRESSI0N MOLDING 
8...DISS0LUT10N 
9...PR0DUCT (TITANIUM INGOT) 



(57) Abstract: A method for smelting a titanium metal (Ti) wherein tita- 
nium oxide CnOj) is subjected to thermal reduction to produce a titanium 
metal, characterized in that it comprises charging a mixed salt of calcium 
chloride (CaCla) and calcium oxide (CaO) into a reaction vessel, heating 
the mixed salt to prepare a molten salt as a reaction region, electrolyzing 
the molten salt to thereby convert the reaction region to a strong reducing 
molten salt containing an 1-valent calcium ion (Ca*^) and/or calcium (Ca), 
supplying titanium oxide into the strong reducing molten salt, to reduce the 
titanium oxide by the 1-valent calcium ion (Ca+) and/or calcium (Ca) and 
deoxidize the titanium metal having been formed by the reduction of the 
titanium oxide; and an apparatus for practicing the method. The method 
can be employed for producing a titanium metal suitable for various appli- 
cations advantageously from a commercial view point. 



O 



J 



wo 03/038156 Al liiiiiiiuniiiiiiiiiniin 



ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, N2, 
OM, PH, PL, PT, RO, RU. SD, SE, SG, SI, SK, SL, TJ, TM, 
TN, TR, TT, TZ, UA, UG. US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 



(84) l§£ll (OiiA)'. ARIPO Itit (GH, GM, KE, LS, MW, 
MZ, SD, SL, SZ, TZ, UG. ZM, ZW), J.— 7 i^Tl^ffF 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — D 
f#» (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 



GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, TRX OAPI ^ 
It (BP, BJ, CF, CG, Ci, Cm, GA, GN, GQ, G W, ML, MR, 
NE, SN, TD, TG). 



(57) sm-. 

ZOn^Rit. K <l: ^ ^ > (TiOj) €: 1^ ii 7C L T ^ H 5^ 

y i) ^ m m t i> ± m ^ ^ > (0 ^ m m -C' & Enom 

U <D ^ iZ ig it tl }l 'y {Z&Z\z) t m it tl Jl L 

(CaO) (^'ii#^$:iR^L.z:<7)ii^^«:i!jD^LTSJ^;fiigE 

^mm^ t m^^^ iz \ mt)i'yiL.^t > (ca*) r x/ 

/ Rii t /*(Ca)«>*#^E-r'53iM7C'tt^i!l^t 

^ ^ > ^ 1 -(i * ;u •> A > S 1/ / X * V A (c 



w 



wo 03/038156 



PCT/JP02/10588 



m B 

^ ^15 ^ ff 

z 0 ^mi<t . mit^ 9 > (TiOa) ^ mmji t X ± m ^ 
^> (Ti) ^mmt^xm^izM.m'^mtji^m'^'^><D 

^ 1^ m 
^ > {i ^ t © ^ n 14 K *^ b $ n . 

^ 2^ • ^ m «^ ^ ^ /-c C t T' J^t < . i£ ^ TMi . ^ * >t 7 . «) 7i< 
^ . B# it . :3r ;b 7 ^7 V m O M ^ p°a ^ (3 ^) ?ij ffl $ ti 

;u ?i CD ^ i /"j: o r „ 

9tt 1 SP§(S1) i L-c.lii|!4(^i5<l:^ ^ > (TiO^) 
(C) o^fiTtc^^^-x (Clz) t 1 0 0 Ott? 
^^fS^-fr.iS^jt 136t) ©eg^ft^^ > (TiCU) 



WO 03/038156 



PCT/JP02/10588 



^ mm L { ik m it : s\oi) . <k m ^ ti tz m it =^ > 
tm^i^.jii^mwkL'cm (Fe). r )i i ^ cad. /^' 

i- >^ (V) Ho^FMti^P^^L. m^mowt^iti'9 

> ^ m^Mt ^ ( m m : s\Q2), z<ot^(Dm)kit^^ 

> ±^Ki:t:^ i,t<!K (D m ^ ^ o 

TiOi + C t 2 CI2 = TiCl4 + CO2 
TiOz + 2 C + 2 CI2 = TiCl^ + 2 CO 
<^ . m 2 S Pg ( S 2 ) TMi . Z 0) 0 iz L X m n tz 
mikit=f-^y^^m^9':^iyOL (Mg) CDi^^ST(wii5t 
L(ii7c:S201)>#m^5'>$riiii-r^o Z (D m ik it ^ 

9 > (DMytu. Wimmmmniz^m^^^iy'yi-^i±'j>^ 

TiCl^ + 2 Mg = Ti + 2 MgClj 

z (D mikit'}' > 0) Mtlx m i ti tz ± m ^ 9 > a ^ m 
n.m7LRmmm(op^^B'^^RmLtz-'D(Di^^t^in:. 
m ^ It (D t L X m ti ^ ^^nmw^xh-o 

4; V A # ^ n T 0 . ^ /c . - ^ (c . -e CD cfj ;Q ^ -e 

li@?ii?^«iJt;6^* 4 0 0-6 0 Oppm t ^ < X M'^. 

1; ❖ > ^5 ^ . 5^ TMi 1 ^ m a Jt 8 0 0 1 
OOOppmflJgT'fil^(::lnT^,^^o 

-e i -e . c: w ;^ jjf > V ^ ^ m ^ ^ > Id o ^,^ r , 5fe -f 
1 0 0 0 t iii ± . 1 0 1 0 -^orr <0 ^ fpi- X W. & T iZ, 

2 



wo 03/038156 PCT/JP02/10S88 

■7 7' ^ 0 jU (MgClz) '^M^fL^±m^9'^'yOI^^m^ 
/y: *5 . C ® ^ 3& ^ gi T' Isl J|x $ n fc ^ -7 ^- ^ S/ A ti , 



m 


% 








^ u t ^ 








(CI 


2) {3 ^ 


m 


e 




( 




m ^ : S20 3 ). 


EI 5 n Tc: 




m 














r 


(i 




5 n ^ R 








•7 ^ V/ 


i 

u 


( 








t ) 


t ^ (c mi is 


Ea J® ic ^ 


> 




JS. 


7c {c: f ij 


m 


$ 










HI iJX ^ 




^ # X 






X 




=P B^? -fK 

qU nX ILi 


X 




> 


CD 
























> 






*• > V 












«@ 




7 




y 


I ex 






J: 0 1^ 


ah (D 


^ ^ > ^ > 










?i -r 




3 


CTL 

Ix 


Pi 


( 


S3) 




5fe -r 


/US J;c 

N — M @ 


7* 


U 






C3 ^ ^ 


CD 




ml 
to 






# 


- Ji 


t ti 


0 T 4 fig t 








> 


















n t 


-S. ( 5$ 1^ • 








ii ) 


> it 


1=] 












o It 


. m 






> 




> rf 


•y h CD 




>i 






t' 




^ M 


^ 9 


> 0 ffi ( 










^SP ) 




J; 




CO 

m 






ii jt 


M 












^ s ^ 




> 












^z it 
























^ s ^ 




^ M «) . i 


fz 








^ S ^ 




> 








t -r 


if ^ 


\Z Kt 








*^ 


h n 




mm 


;^ 


^' 






^ S ^ 


9 > 


m ^ ^ S'UMf b n 0 






L 


r 






J: 0 C: 


L r 


i@ M $ n X > v;' 4^ ^ 


m 




5^ 


> 






mt^mx m x -r 


'J 




•y 




h fz 0 




( /± 




m 


?^ : S301). 


^ n 


b ^ 15 


fi 




T 


T I 








0 








mm t 


$ n 


. IE . K 


3g 


T 






s 



3 



wo 03/038156 



PCT/JP02/10S88 



m^mmmommTur-mm^n cms?: szoz). mmo) 

if H ^ t:0 ^ L r B W <^ M ^ ^ > ^ > 3' .y h ;6^• 

H a[ ^ T 0 . H . s ?g ^ n 'S. X > V ^ S ^ 

5^ ^ . 1} 5^ ^ S of ^ (3 /^j: 0 . L t . X ^' > V ^ ^ 

1^5' > ^ O CfJ ,Q t ^ i: -e @ ^ S JJ[ ;{,N- # 

i,t ^ co^^ ■ m ^ X ^ >b ^ (D h (D 1 9\- ^ 

W ^ iz ti X o 

t fz . z o ^ m ^ ^ > o mmi5 m I.Z X . mm 

( 1 964) m 9 ^ m 549 - 5 54 H . HI 1 4 t X o I.Z ^ 

||iem;U7;}fa«rfii@tL. ^(D^^^{z=i^}zrry^ 

mm b ^ mm t L r g l . ;u 7 a ^ it ;u v 

'y ( CaCU). m it t )]. ( CaO) S 1/ ft ^ ^ > 

(TiOz) ;5>'^/^'S9 0 0-1 1 0 o'ccom-^mmi^c^ 

4 



wo 03/038156 



PCT/JP02/10588 



11 ^ 


7. 


HI ^> © ?s 


r 


<S a 




it ^ c cfi -e 


M it 


y y 




> 






5 






^ ^ > d t 






TC > 


wo 


99/64638 










it ti )]y iy '1 


A ( 


CO 






c ^3(^11® 




® <!:: 






<b ^ ^ > S 










a t ^ ^ 


^ > 




PS ^3? 


(D 






HI ^ 






Cl o !l # ^ 


*^ n 




a T 


— 


<t ^ ( 


C02) 


U X 


m. m 


t 


-5 C t J; 


0 . 




~— 1 

7C U 


X 


^ H ^ ^ y 


d (d 


'6 o 










J 








It 




V ' C 


















;)@ o 






S ^ ^ > d 


4> © 






T 


$ ^ T i) 14 








L 












< 


I m 


m 




ism t LX 


:^ 


t tz 


. Wi 




CD WO 99/646 38 


-e ^ 




± M 9 > 


d 


it f 


<5 tz 




. Sji is H 





X (7) 7 ;l/ =1* > ( kr) (D m M % 
^ 9 > ^: mm L ^ ^-fig. L ^ 

t ^iim^H^m^ nx 4> , 

CaC U) ^ c =^ tt -e^ . 

■cuifiMmi^ia^. t tz . m 
m m @ b t (D m iz mj± ^ w M 

Rif/>nimmify^ (02) (d 
s<t:^^>MS<ib-etia^t: 
^ m -r 4 :^ ?i la ic $ n r t> 

^ ^ > d ^ Sfe c « -e 

n/i^S^^vd^rMji-T'S 

>; f r- y mnmh (d mm izu 
tz isb i.zxm^M A^mmx 0 . 
(Ri # * t 0 m m $> ^ 0 

t^Wi CD 15 iz is T , Pi m 



wo 03/038156 



PCT/JP02/10588 



-6 o 

-e L r . ^^m^ ^ It . R )S # n © {3 <t * ;b 

'y A (CaCU) i: it * ^l- V A (CaO) t-^^tl^^m^OK 

X \ m t )\y 'y "1 ^ t y (Ca*) ;& l>* / X * V ^ 

(Ca) ^^^$^-r3iM5t'l±?iMiigi:L. :iO?^^3^'l4 

mm^^ i^mit^ 9 > (t 1 02) l -c bu le 1 mij 

^ ^ t y / >L it ti }V i/ 0 i: 0 ii 7C -r -5 t ^ . 
iODilTc-e^fiJoL/c^lS^^ y <D UWm ^ 0 z t iz 

P ^ ^ > ^ im S<] 13 W H it -f- # /C Cj- ;U < > Z (D 

^m^ 9 y'p(ommmmmmt:mm-ri> z t ^>pi^-C'*> 
s z t ^ ^ m L ^ y^^m^^^Lfzo 

o T . * % CD g 6^ . # ® ^ 5^ > ^ X H 6*) (C ^ ^ij 

^ d t (3. ^ ^ p 

t . ^ 0) fib o @ M . mmmmmmt^mm^n 
tz^m^ ^ y t jim&i) iz izw^-^ ^ z b i)<x ^ ^ ^ 
9 y <^mmi5mtmmt 4> z t iz^ ^ ^ 

6 



wo 03/038156 



PCT/JP02/10588 



^ titz^m^ 9 > im W W *J 1^ iii f z. t t^-e ^ 

m m 0) m tt^ 
■r fj. t> h . * 16 B« . mit9 9 > (TiOz) ^ mmji L X 

^ § ^ 0 SI3 ife {t * ;u V ^ A ( C aC 1 2) i: ft * •> 
A (CaO) G)?I^^^€ri|XI^L>:i©vI^^«:i!)DiltT^f£; 

Ri^s ^ nm^^ ^z i m ti 0 t > (ca*) :r r/ 

^ ^ > 1 0 :^ ;U V -^7 A ^ > a' / 3Z. * V A id 

CD ^ H 73 T> * ^ o 

* . * ^ (i . M le ^ AMi fiS 1- S ^1 M . 

H . * ^ (i . if ft 9^ ^ > (TiOz) Sr iaii 5c L r # S 

7 



wo 03/038156 



PCT/JP02/10588 





> 


(Ti) li 






M ill^ S -e 


D N 






V 


A (CaCU) t M lb * •> A (CaO) ts- h 








ft fl 1^ 


C 




IS # H i ^ 






If P*9 




(/Mc fifr ^ © H ^ 1 T 


@H s $ n . Hu 






O € ^ 


77 




. 19 15 ^1 




± 


:^ 


CD — 


X 




%\z^^^ ^ 


77 X 




A 






^ 7. n m %T {z. m 


it 9 9 y ^ K 


I'U -pJa 








•9 


w.Pt wl t ^ m A. X 


i> d t i|t 




-r 




^ S ^ 


y 
















fl^ > Hu le ^ j^:^ ^ n {3 (i 


N CO ^ 


JSC 








m 




fb 5^ ^ > 5: Ji 


Ti: T 




b 


* ^ 






^ 0 ii 7C ^ 






IE 


i® L . 


t 


tz^ 'mm^mx±^\.fz 


1 M ^ ;u •> 






> 


(CaM ;& 1/ / 3i « * ;u A ( Ca) 


*^ ii 5c ^ {3 




t 




© 5: fF # 


t ^ t ^izm^^^x ^ 


fig L y-c ^ ^b * 






A 


( CaO) 






1^ s -r {± tjFj 


fx 




IS 


(j- n T 




1 -e $) -s o 


7^ 






(c is ^,^ 


X 


. H 14 t L r ffl t^ M fb ^ ^ > O (,^ 








n if 


(Ti 


<i: 0 ^1 15 iii X % <b tl tz O X ■:> X h 








It S (C 






*U ''it 

Si m 




n 






9 y ^ [zn.^ -t ^ o X ^ 


1^ it $ n M 


pp V 




> 


^ > 


•y 




jg ® H -e ^ 








< . t 


fz 




It 












^ ffi E # (3 




X 




(w iij m 




ti 0 - flS: . M *4 • 


m 14 ^ <^ ^ 




^^ 




n 




^ ^ > . i|i4 Jt m S {w 


IS S $ n r ¥ 



8 



wo 03/038156 



PCT/JP02/10588 



i^Um I u n i:ikT CO M^m (D i^)' ^ ti ^ ^ ^ 

^ B« t? ffl t^ ^ ^ ^ ^ > . z tnz it<r . 3|i4 «^ H ^ 

< . j^iE jt 9 9 . 7 mm%mmx'W<^ h izm r ^ 
t tz ^ ^ is X it . it ^ ^ > ^ ^ 7c -r ^ ^ 13 

A (CaCla) R X/ M. it t )l iy 0 (CaO) S 1/ / X * 

'>':;A (Ca) ^ 7 5 0- 1 0 0 0 X: comm^ 

^ r?^ ^ -r 1^ li ^ ft * ;i/ v -5 A ( CaClz) m 34 T' ^> 
tl*;Ui/'^A-f;t> (Ca*) t (e) j^^^^L. mm 

^ m m i^b iE> j,z m it ij iy 'y I* ( cao) ^ * ;u •> a 

(Ca) -6^'^fi5c-r'5o ZCDrnMi^'PcotiJliy-yJ^tmitti 
yUv-^AW^^El^fflli.ii^. t) )i iy 1 . SMSK 

lii T T' o -c H * yl' v A ;&M 1 . 0 fi fi T T- 0 . 
;i Ci' ^ it Jfe (7) Jt 9 0 0 t CD Jf . )l i/ ^ L 
0 . 5 ~ 1 . 5 S ft « o ^ a -e o r , K ib * A 
*<0. 1-5. OfiM5«©liffl-e*)'So 

M > 2^ % ti T . Hu IE ^ ife ^ « m ^ ^ L T 
4i?£U/-cl0*;l/i/':7/»^;r> (CaM :Rl/m? (e)^ 
9^ iz I m iJ ^ t > (Ca*) t-eo^liiii*)!!^ 

(Ca) t i< m it ^ 9 y (D m TcM 

mM t L X ^ n ^ . z(o^(Dmmik(Di&miz':>i,^ 
rti. mM^tii^^m9 9:y(Dmmm^mm^:nmLx 

9 



wo 03/038156 



PCT/JP02/10588 



ti ^ . mm^^ (O Ca/ CaO Jg Jt A< ^ o t . M 

7L mm m M -r ^ m ti it :K ^ < ^ t< . mi^mit t )i 

^ o 

L -c . ^ mm is X it ^ mmmmi^^^ ^ ^ rul' 
(DmTiRxf^f^Lfz^m'f-^ y (D mm m % 0 m 7L ^ m 

^ L tz^m ^ 9 > (D m.mm ^ (0 m ^^m m m t l x m 
n ^ I m t )i u ^ -( t > (Ca*) :si.xf / ^ ;u -> 

-^A (Ca) ^r^fiSc-ii-U«)> */c. JgTC^MTMiC^mS? 

^ m X ^ f& L tz I m ti )l ^ t y R If / it ti )l 

li^^m^^xWiff-^y^MTtx^x^m^^ vtwf-Si 

t # IS O t> T {i . 1 P ^ ^ ^ ^ L 1 # * ;U '17 

L ^ t y a^*) R Xf / >L it t )l ( Ca) ii 5u ^ ^ i3 

^ L < ii 5c ^ illc -f^ $ n fcii $4 to K <t ^ ^ > ^ C 

^^^otj.mm^^t^h(Dx$>ni,f^ !^i:imm^ n ^ t 

10 



wo 03/038156 



PCT/JP02/10S88 



(D X' < ^ m ^ ti' . tt t;?J 0 
J: t> (5 *^ . mm^i&^T/ / 

=g'^iJfflLTEiiLT*)J:<. 
(DWM . ^ L < it . z (D M 
t tz ^ * H 4o r . m 

o T . ^* 7 7 7 h . =1 

%^ m L fz m ^ ^ mm 
-mitmrn^rj/xit-mit 

^Mc: 1^ * t- ^ ® A< J; o ^ L 



S o t,^ T . j; 


0 0 














^ (D mmx' L tz -m. 


it 




O ^ f4 ffi -5 T ± # L 






i i: J^C < ^ til 1^ ^ $ n 




o 


* ^ *i ^,^ T . if <t 












'!7 A ^' ;d- > 1^ fl<] {3 ji 






^ itmm L mi^ L ^< ^ 


—r 

<^ 




. ^ ^ ?g -e $> ^ r ^ ^ 








If 







€: S'J (3 19: 


i1 X 


ITS" 


111 


1 ^ 

L T 


_ 

X 






7C ^ 


^ -e 


n 












m 1^ L T 




1^ 


< N 


T 




Pi 




file 1- 




m 




rfr 






© 




^ oP 








j1 7C ^ 






^ 






^ H ^ 


■e 








Sc 


IS 




iz L 




4 

t) 


U Fx 

J: o 




m 






i) It 




m 


















fix e 












_i- 

V 










CD ^ H 






fi 


rt 1 












j|c 






T 






© 


/ ij » 




n 






L 


< 


. ^> 


J'j: < 


t 


^> 


m M 




/\ 


> 








n 


tz m 


n 


\z 


J: 










m m 




it 




IE ^ - 


/N — 




> 


/T* »Ui 

y Ha 












T ^ 


> 


if 


?i jc 1^ 


CD ?i 






r-H 1 -r 








© 1 




)]/ V 


n 






# 1 














T L 






CD PbI 




a 




N ii[ mm 


;&> b 




1 


0 mm 








m ( 


^0 KJ> 









wo 03/038156 PCT/JP02/10588 

<Xiz . M Ti. ^ ^ ^ m M ^ n tz ^ m ^ 9 y it . 7\^Rxf 
^ I* m it tl /I iy 'y I* (D ^ t< m t: ^ tl i o Z <D 

T b ti o 

t tz ^ z o o I.Z L X ^ ri fz ^ m 9 y it . ^ 
<D9a-)].f^tmmiz^ f±m^mzmxmmt^ 

^ ^ n . mm y ^ h <d m ^ is ^ l -c g e^j © iii s, ^ 

> >r > -y h M 3i $ n -5 o 

yoimmiDmr-m^^i^n^mmmmo^m^mi^^s^nx 

mmUlt.^m^^l t ^ i^it t )l 'y (CaCU) i: i! 

■h )V y ^ L (CaO) <7) vl ^ ^ 7 5 0 ~ 1 0 0 0 t (3 Jo 

12 



wo 03/038156 PCT/JP02/10588 

tc le ift $ n > s ^,^ ic IS ^ L r n gPi m ii?, 5 j; o ^ )^ 
$ n . mm^ ( cacu s r/* / x ci cao) t m t ^ m 

m ^ mm ^ t ^ mmmm a ^ ^ -e tu is h @ 3 t i,t 

9 > CD mm B n b n ^ M 7t^ ^ t iz m It ti ^ ot tz ^ 

X. y (o mm^^ mmm^ m <h H ^ t tz ^ m 
4 t L X it ^ t L < i,tm. ^ 9 >m (D^^mm^mm 
M ffl n «!) o 

1 %m^^x^m^9 > (D mm ^ n 0 iz it 

9cr .KJiL^^^ 1 iz it t> )U iy 2. {C&C\,) t m it )i 
^ U (CaO) 0?I^Jfi^i|XJrtL.^0vg-a-J^^ 7 5 0-1 

0 0 ottiAD^&LT^ii^^i-. Rjsfi^2 tfi^mw^ 
^'mm.-^ ^ . z z X ^ mmi^ 2 ^ (D it 13 }i 'y ( m 

2ct>0) itmUtLxm^t^o t fz ^ it -h y ^ 

oiti)\^iy^L.^ty\.tit^M.^miz[timx^^t^^ m 

^ I. fz ^ it t i/ I- ^ X it i m (D t )\y y '1 u ^ t y 
(Ca*) t^^^EU. z:© 1 mti}\^'yOi^^tyt<^^t^ 
mm^it CaCl2-CaO-Ca 0 Zji^^mxi^-WL^iifl^o 
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/3lti;^7;bv'^A (Ca) {cIM^I^^ti. t fz ^ ^ 

t y [t. mm^^mmm^^t-hti^mmzi.z^^^r^ t 
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^n/iijitAP 27*^^::£Dii7cR)5£;#ii laF^±|[i3{oiT' 
Sft A -S) o 

© T H(i 12 li *4 S A t 22 r )\y y if :^ t ^ 

28 



V/0 03/0381S6 PCT/JP02/10588 

t ^ z (Dmit^ 9 y i.t I m 'y 'y ^ t > a&n R Tf / 

31 * ;u i> -t? A ( Ca ) {d «fc 0 II ^ 0 U T 185 Tb^ 6<) X 
H UOTSP^iR^SU 28F^{cx*'>vt^^Sf'^> 30 

ii.mm^m zh (d -m it mm v ^ l ^ t y 
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